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ABSTRACT
We investigate a possibility of observing CP asymmetries in the partial widths for the decays B − → π + π − K − and B − → K + K − K − produced by the interference of the non-resonant decay amplitude with the resonant amplitudes. The resonant states which subsequently decay into π + π − and K + K − or K − π + are charmoniumcc states with J P = 0 + , 1 − , 1 + or light vector and scalar mesons. We find that the largest partial width asymmetry comes from the χ c0 resonance, while the resonances K
INTRODUCTION
The experimental data on B mesons decays into three mesons accumulate [1] - [4] and a number of important questions on their decay dynamics and their relevance for the precise determination of the CP violating phase γ should be answered [5] - [14] . Motivated by Belle and BaBar results on the B mesons three-body decays [1, 2, 3, 4] , we continue with the study of CP violating partial width asymmetry in the B ± → K ± π + π − and B ± → K ± K + K − decay amplitudes. Recently, we have studied a case of the partial width asymmetry resulting from the interference of the non-resonant B − → M + M − K − , M = π, K, and the resonant [5] . In both decay modes the dominant contributions come from the penguin operators. However, the non-resonant amplitudes have a small tree level contribution in which enters the CP violating phase γ. It has been pointed out by [9] that the partial width asymmetry for B ± → RK ± → M + M − K ± , M = π, K, is proportional to the decay width of the resonant state R. Therefore, one would expect a large CP asymmetry for the two-meson invariant mass in the χ c0 mass region. The amplitude for the χ c0 resonant decay mode was determined using the narrow width approximation [5, 7] and the experimental results for the B − → χ c0 K − and χ c0 → M + M − decay rates. The asymmetry was found to be about 20%. In the case of B − → K − M + M − there are, however, additional important reasons why the partial width asymmetry can be sizable. In fact, if in the B − → K − M + M − decays the partial widths coming from the non-resonant M nr and the resonant M r amplitude are of the same order of magnitude, as in our analysis at the χ c0 resonance region [5] , one obtains a significant CP violating asymmetry. In the case of negligible non-resonant amplitude relative to the resonant amplitude (or vice versa) one would get a very small partial width asymmetry.
In this paper, we extend this analysis to the case of the CP violating partial width asymmetry when the interference with the non-resonant amplitude occurs in the neighborhood of the resonance R which is a charmoniumcc state with J P = 0 + , 1 − , 1 + or a light vector and scalar meson. We will restrict our investigation only to those resonant states R for which the decay B − → RM − , M = K, π amplitude does not have two or more contributions with different weak phase, as from the experimental branching ratio we are able to extract only the absolute value of the amplitude. For example in the case of B − → RK − with R = ρ 0 there is a penguin and a tree amplitude and one needs to know their relative sizes to constrain the partial width asymmetry. In this decay mode it has also been found that the naive factorization fails to describe the decay rate [15, 16] . Therefore, we concentrate on the partial width asymmetry for the cases in which the relevant two-body amplitude can be completely extracted from the measured decay rates.
In the case of the 
− amplitude is obtained from the tree level contribution which is proportional to the V cb and V cs CKM matrix elements, followed by the strong decay of thecc state into π + π − or K + K − via the OZI (Okubo-Zweig-Iizuka) suppressed strong interaction. Apart from the already mentioned χ c0 state, this category includes also J/ψ, χ c1 , χ c2 , ψ(2S) etc. We will consider contributions from all the above mentioned states, even though the B − → χ c2 K − and χ c1 → M − M + branching ratios have not been measured yet. Nevertheless, we expect that the partial width asymmetry in this decay modes can be rather large. Although one would expect that the b →ccs transition will give larger rates for the two-body decays than in the case of the b →ūus transition, the fact that the strong transition of the charmonium states is OZI suppressed makes the non-resonant and resonant partial width to be of the same size and this leads to a sizable CP violating asymmetry.
In the case of the B − → K − K + K − decays with the two-meson invariant mass below the charmonium production threshold, the resonant contribution comes from the intermediatess states. We consider only the CP asymmetry at the φ(1020) resonance and do not consider contributions from the scalar meson resonances due to the lack of knowledge on their structure.
In the analysis of the partial width CP asymmetry, one needs a knowledge of the non-resonant amplitudes. We compute the non-resonant decay amplitudes by using a model which combines the heavy quark effective theory and chiral Lagrangian, previously developed in [5] - [8] . This model assumes the naive factorization for the weak vertices. The fact that the factorization works reasonably well in the relevant two-body decay modes encourages us to apply it in the three-body decays we consider here. Even more, the experimental investigation of the non-resonant amplitudes done by Belle collaboration [3] indicates that one has to rely on a model when discussing the non-resonant background. In comparison with our previous investigation [5, 6] , we include now the contributions of B * (0 + ) resonances. In Section 2 we present the calculation and the results on the non-resonant
while in Section 3 we analyze the partial width asymmetries. The summary of our results is given in Section 4.
NON-RESONANT AMPLITUDES
The effective weak Hamiltonian relevant for the B ± → K ± M + M − decays and their CP conjugates after Fierz reordering of the quark fields and neglecting the contribution of the color octet operators is [15] - [20] :
The effective Wilson coefficients are denoted by a i and the operators O i read:
where − → K − π + π − decay can be written using the factorization assumption as:
In the above equations (q i q j ) denotes the vector or axial-vector current or scalar or pseudoscalar density. By analyzing the matrix elements given above, one finds [5] that only the first term in (10) gives important contribution to the non-resonant decay rate. Terms (8) and (9) contribute to the resonant part of the amplitude (through resonances which decay into π + π − or K − π − respectively), while the annihilation term in (10) is found to be negligible as explained in [5] . In the matrix element of the O 6 operator, additional terms might arise, but they are either small or cancel among themselves [5] .
The B − → K − K + K − amplitude can be factorized in the same way by replacing π ± with K ± in (8)- (10) . However, in this case, the contribution coming from (8)) is part of the non-resonant amplitude, since the ρ 0 mass is below the K − K + threshold. Nevertheless, we find this contribution to be small due to the
Figure 1: Feynman diagrams contributing to the non-resonant part of the amplitude.
suppression of the ρ 0 propagator in the high energy regions and due to the smallness of its Wilson coefficients (a 2 and a 9 ) and will therefore neglect it. The same argument holds if the ρ meson is replaced by similar resonances (σ etc.).
Next, we proceed with the determination of
The approach used in the calculation of these matrix elements was already explained in [5, 22, 23, 24] . Here, we follow the same method, but add the contributions of the B * 0 scalar meson resonances. We introduce the bq states (q = u, d, s), with the J P = 1 + , 0 + assignment incorporated in the field S [25]:
which then interacts with the bq J P = 1 − , 0 − multiplet (H) and the pseudo Goldstone mesons by the means of the Lagrangian:
where
with the the light pseudoscalars fields in ξ. The weak current is given by
The parameter h = −0.6 ± 0.2 is taken from the recent study of the D s (0 + ) state [26] , while for the scalar meson decay constant we use F + = 0.46 GeV 3/2 [25] . The matrix element A π can be written as: 
where the form factors w nr + , w nr − and r nr are determined by calculating contributions coming form the Feynman diagrams in Fig. 1 :
.
We used the Mandelstam's variables s = (p B − p 3 ) 2 and t = (p B − p 1 ) 2 . Indies 1, 2 and 3 correspond to π − , π + and [5] . For the strong coupling g we use g = 0.56 according to the measurement of [27] . Note that in [5] there are misprints in Eq.(16): the sign in front of α 2 is reversed, as well as the overall sign in (22) .
The matrix element of O 4 has the same structure as the matrix element of O 1 while for determining the matrix element of O 6 we follow the approach described in [5] . Using the expressions (18)- (20) of [5] , we find that its contribution is proportional to the matrix element of O 1 or O 4 with the proportionality factor k 6 = −2
− is calculated in the same way. The expression for A K and its form factors can be derived from the Eqs. (14)- (17), adding the additional contribution obtained by interchanging s and t and by taking f 1 = f 2 = f 3 = f K , m 1 = m 2 = m 3 = m K . In the propagators the B meson masses are replaced by the B s mass. Now, the non-resonant amplitudes for
with A π,K defined in Eq. (14-17), while for B + → M + M − K + we have:
Using the above expressions, we obtain the following branching rations:
where BR(B ± → K ± M + M − ) nr stands for the CP-averaged rates for
. These results should be compared with the experimental values [1] : BR(B ± → K ± π + π − ) nr,exp = 14 ± 6 × 10 −6 and BR(B ± → K ± K + K − ) nr,exp = 22.5 ± 4.9 × 10 −6 . In [5] it was found that due to the imaginary part of the a 4 and a 6 Wilson coefficients we can have a large CP asymmetry between the non-resonant
amplitudes. The size of this asymmetry depends on theρ andη CKM parameters and is rather large (60% in the case of 
The uncertainty in the branching ratios coming from the B decay constants is not larger than 10%.
The Dalitz plots for Fig. 2  (g = 0.56) . We can see, that the non-resonant B − → K − K + K − decay amplitude is rather flat, while in the case of B − → π − π + K − , an increase at low K and π momenta phase space region is evident. It is interesting that the same effect can be seen in the Belle's measurement [3] .
The inclusion of the scalar states B * (0 + ) is not giving significant contribution to the decay rate, increasing it by few percent in both decay modes.
PARTIAL WIDTH ASYMMETRY
For the resonances in the s-channel, the partial decay width Γ p for B − → MM K − , M = π + , K + , which contains both the non-resonant and resonant contributions, is obtained by integrating the amplitude from s min = (m R − 2Γ R ) 2 to s max = (m R + 2Γ R ) 2 :
Similarly, the partial decay width Γp for B + → MM K + , M = π + , K + is defined in a same way. The CP violating asymmetry is then: 
In the calculation of the Γ p − Γp, by taking V ub = |V ub |e iγ ≃ Aλ 3 (ρ − iη), we derive :
while the Γ p + Γp is given by:
It is straightforward to obtain a similar expression for the partial width asymmetry in t-channel. In Table 1 we give, for convenience, the masses and the decay widths of resonances used in our calculation. The M → RP 1 → P 1 P 2 P 3 amplitudes are obtained from the experimental data [28] and the measured branching ratios for B − → RK − and R → M + M − are given in Table 2 . For the scalar resonance exchange in the
we have:
50.7 ± 0.6 φ 1019.46 ± 0.02 4.26 ± 0.05
3096.87 ± 0.04 0.087 ± 0.005
3510.51 ± 0.12 0.92 ± 0.13
3685.96 ± 0.09 0.3 ± 0.025 Table 1 : The masses and the decay widths of the resonances considered in the paper. 
6.34 K * 2.03 × 10 < 0.0126 < 0.0134 Table 3 : The parameters used in our numerical calculations.
where m 2 23 = (q 2 + q 3 ) 2 while m S and Γ S are the mass and the decay width of the scalar resonance respectively. We find
132 GeV. The amplitude for the B − decay into light vector and pseudoscalar resonance and the amplitude for the vector meson decay into two pseudoscalar states are given by:
The amplitude for the three-body resonant decay for this case is:
where m 2 23 = (q 2 + q 3 ) 2 , while m 1 , m 2 , m 3 and m V are the masses of particles P 1 , P 2 , P 3 and V respectively and Γ V is the width of the vector resonance. Using above formulas, we find the expression for the resonance exchange in the t−channel:
while for the higher mass excited states resonances in the s−channel we use:
where M stands for K or π. In the case of the K − K + K ± mode the contributions coming from the s and t channels are completely symmetric. Values of K V and g V P 1 P 2 are given in Table 3 . (1430) The results for the asymmetries are presented in Tables 4-7. Tables 4 and 6 contain the asymmetries for g = 0.56. The off-shell mass effects might reduce this coupling as mentioned in [5] , and therefore we present the partial width asymmetries for g = 0.27 (Tables 5 and 7 We have also estimated the partial width asymmetry for the B − → χ c2 K − channel, by assuming the B χ c2 K coupling to be of the same size as for the vector (scalar) mesons and we found it negligible.
SUMMARY
In this paper we have investigated the partial width asymmetry for the B − → M + M − K − , M = π, K decays which results from the interference of non-resonant and resonant amplitudes.
First, we have calculated the non-resonant branching ratios and found that the model we use gives the decay rates in the reasonable agreement with the Belle collaboration results [3] . Comparing the Dalitz plots for the non-resonant decay modes obtained from our model with the experimental data [3] , we find that our model reproduces the data quite well. The inclusion of the B * 0 scalar meson is rather insignificant, contributing only by few percents to the rate.
We then consider the partial width asymmetries for a few resonant decay modes for which the amplitude does not contain the weak phase γ. In the case of B − → π + π − K − the largest partial width asymmetry arises from the interference of the non-resonant amplitude with the resonant amplitude coming from the χ c0 , ψ(2S) and the K * 0 (1430) states. (The K * 0 (1430) state produces Kπ in the t−channel, while χ c0 and ψ(2S) create π + π − in the s−channel). In the case of B − → K − K + K − the largest partial width asymmetry comes from the χ c0 scalar resonance, while this asymmetry is about 10% in the case of ψ(2S) state.
